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INIBGR^TED ANTENNA AKD SPEA^ 

Field of the invention 

The present invention relates generally to a radio xeceivercomprisiiig an 
5 flnttamn fhr receiymg radio signals and means for converting received radio signal 
into sound, and a speaker for conveying sound to a user. In particular, die invention 
relates to a radio communication tenninal comprising sucdi an antenna and speaker. 

Background 

10 The molrile phone industry has had an enormous development botii regarding 

quality of service and transmission capabilities, as well as the technology for 
producing advanced connnimications terminals. In only a coiq>le of decades the 
communication systems have gone fiom analogue to digital, and at the same time 

thft ^im enM<win of itia r/nnttiiininMfiAgi termmnia htara gmie finm hriefcase siZB tO the 

15 pocket size phones of todi^. Still today, mobile phones are getting smaller and 
smaller and the size is generally considered to be an inqtortant &ctor for the end 
customer. The development in electronics has made it possible to miniaturise the 
components of the tenninals, at the same time making the temiinals capable of 
perfonning more advanced functions and services. The development of new 

20 t ™"™™g""" tashgmeg, the so-called 3*^ generation mobile system standing at the 
door and die 4^ generatian to be e3q)ectBd maybe ten years later, also provides the 
possibility to convey more advanced data to foe wirdess oommnnication tenninals, 
such as real thne video. 

in Older to benefit from the capabilities of the transmission system, foe future 

25 generation of phones will have a large display in order to perform multimedia iiqmt 
and ou^ut, and tiie picture quality will be of higih impcntance. Still, the keypad or 
keyboard must be large enough to allow people to press one key at foe time. Wifo 
foe development of foe communication systems and foe capabilities of multimedia 
fonctions, foe demands on foe sound quality from foe terminals will also increase. 

30 In foe next generation of termmals usmg W-CDMA. technique» it will be possfole to 
• use a wider audio frequency band. The speaker of foe teramnal may also be used as 
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a ringer mstead of a tiaditioiial bumer, for a siogjle tone or polyphonic ring signals* 
and as a hand iree speaker built-in into the phone. Nonnally, these functions are 
I>erfonned by a second speaker mounted in the back of the phone* but combined 
speakers for two or all three of these fbnctions exist 

5 In a conventional state of tiie art cfynrmginiffg tfnn tRrminal a terminal audio 

output is mounted on the fiont of the tenninal above the display witii the speaker 
immediately behind the ou^ut This means that even with a smallest available 
speaker used today, with a diameter of about 13 mm, the temiinal would be 
approximately this much longer in its longitudinal extension than yrbat would have 

10 been the case if oxily the display and/or keypad had defined the length of the 

tenninal. The antenna of the terminal is generally located at the upper portion of the 
backside of the terminal, the low^ backside being occupied by a batteiy. Placing 
the speaker behind the display would therefore increase the thickness of the 
tenninal 1 since it would have to compete wifli the antenna for the relevant space. 

15 The peifomaance of die speaker is to a hig^ extent dependent on tiie back 

volume, i.e. the acoustic resonance cavity behmd the speaker. For best perfbrmance, 
the back volume should be scaled. In a normal case the whole phone is used as back 
volume, but it is almost possible to seal a phone. As mentioned above, almost eveiy 
phone today has the speaker position in the upper parts of the fiont of the terminal 

20 above file diqpky and keyboaid. This means fiiat the hdght of t^ 

and the k^oarddetennines the length of the phone. Smce the speaker 
performances is highly dependent on the dimension, reduction of the speaker size 
results in less good acoustics. There is also a general desire to have larger displays 
in the communication terminal, not just wider but also longer, and with the common 

25 layout of fiie keyboard which people are used to, the height of the tenninal can 

basically not be reduced more than today wifiiout resulting drawbacks to the display 
or keypad. 

In US 2002/0137478, assigned to NEC Viewtechnology, a design is 
proposed in which the speaker and also the microphone are moved to the back side 
30 of a terminal. The publication mainly relates to a so called clamshell design, but is 
equally applicable to a standard stick-^e terminaL The speaksc and the 
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microplicme are devised as identical flat panel type speaksFB. When using &e 
teiminal for voice conuxranication iho upper speaker acts as a nonnal teiminal 
speaker, and the lower speaker is used in a reversed function as a microphone. 
Furthermore* the two spealrans can be used for reproducing stereophonic sound fiom 
S e.g. FM radio statioos. By placing the jxppec speaker on the back side of the 

termina], the loigdi of die terminal mi^ be reduced, or alternatively die display may 
be increased. However, the thickness of the terminal is instead inmased, since the 
speaker is placed behind the display instead of above it 

10 Summary of the invention 

There is consequimfly still a need fiir ioqnoved solutions for miniaturising 
radio receivers, particularly portable devices, this being an overall object of the 
present invention. 

In particular, it is an object to overcome the deficiencies related to the state 
IS of the art radio communication tenninal as recited above. More specificalty, it is an 
obj ect to provide a speaiker arrangement for a commumcation terminal making it 
posoble to decrease the outer terminal dimensions. 

According to a first aspect of the present invention, this object is fulfilled by 
a communication t«™"^a^ comprising a speaker and a low profile built-in radio 
20 «fitenn» element, wh e rei n said nritgnna element conqxrises a flat sheet carrying a 
conductive antenna tracer and ^f^iere an exciter is connected to said sheet and 
devised to induce vibrations therein for generating sound. This implements a fiat 
panel speaker in the terminal, by using the antenna element Thereby, both space 
and components are saved, which can be used for increasing other conqionents of 
25 the terminal, or fbr miniaturising the tenninaL 

Preferably, said sheet is made finom an insnlatmg ooaterial, such as a plastic 
material or a ceramic material. 

In one embodiment, said exciter is c»>nnected adjacent to a side edge of said 
antenna element 

30 Advantageously, said exciter is insulated fiom said antenna trace. 

Preferably, said exciter com^xrises first and second speaker signal connectora. 
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Iq one embodiment, said antenna trace defines an antenna patch. 

Advantageously, said antenna trace is connected to a radio feed circuit of the 
terminal, and to a ground plane ^^ch is spaced fi:om the antenna patch. 

Preferably, said antenna element is positioned parallel to a ground plane, 
5 ^fdierran a qmdng between the antenna element and ttie ground plane ac^ 
electromagnetic resonance cavity. 

In one embodiment, a cover member of the terminal comprises an aperture 
a^acent to said antenna element 

Advantageously, a sound channel extends from a position a^acent to said 
10 antrama dement to a diamiel front outlet at a font side of the terminal. 

PrefbRably, said antenna trace comprises a substantially flat pattern of 
conductive material on said antenna element 

In one embodiment, said antenna trace is printed on said antenna element 
Alternatively, said antenna trace is etched out on said antenna element 
15 According to a second aspect ofthe present invention, the stated object is 

fulfilled by a combined antenna and speaker for a radio receiving ^yparatus, 
comprising a speaker and a low jnofile built-in radio antenna elemoit, wherein said 
flntarmft element compiises a flat sheet cuuryinig a conductive antenna trace, and 
where an exciter is connected to said sheet and devised to induce vibrations therein 
20 for generating sound. 

In summary, the present invention integrates a flat panel speaker with the 
antenna element Thereby, both space and components may be saved. Furihennore, 
compsTGd to solutions introducing auxiliary elements, such as a speaker, in the 
space between the antenna plane and tiie ground plane for the purpose of 
25 miniaturising the taminal, the present invention provides increased antenna 
pBifuimance. 

Brief description of tiie drawings 

Further features and advantages of the present invention will become more 
30 a p p a rent fiom the following description of preferred embodiments, with reference 
to tiie accompanying drawings, on which 
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Fig. I sdiemadcalty shows a stick-type radio commiixucation tenninal; 
Fig. 2 schematically illustrates a combined antemia and speakser accoidmg to 
the invention^ ananged on a back side of a PCB of the temiinal in Fig. 1; 

Fig. 3 schematically illustrates a cross-sectional side view of tiie anangement 
5 of Fig. 2; 

Figs 4 to 65 illustrate various embodiments of liie piesent mventionf and 
particulaiiy means fiar conveying sound generated by the speaker to a user. 

Detailed description of nrefenred embodhnents 

10 The present invention relates to radio receivers, by ^duch is meant a device 

contprising at least a radio antenna for receiving radio tenmnals, means for 
converting received radio signal into sound, and a speaker for conveying sound to a 
user. In particular, the invention relates to a radio communication terminal 
comprising such an antenna and speaker, and the detailed description below refers 

15 ahnost exclusively to embodiments of tiie invention implemented in portable radio 
oommanication termitials. However, it should be realised that tiie invention m^ be 
applied to any radio receiver, stationary or mobile, which may or may not include 
radio transmission capabilities. The term communication terminal includes all 
mobile equipment devised for radio communication with a radio station, which 

20 radio station also may be a molrile tenninal or e.g. a stationacy base station. 

Consequentiy, the tenn "communication terminal*' includes mobile phones, pagers, 
communicators, electronic organisers, smart phones, ?DA:s (Personal Digit 
Assistants), vehicle-mounted radio communication devices or the like, as well as 
portable laptop computers devised for wireless communication in for instance 

25 WLAN (Wireless Local Area Network). Furtiiermore^ since the design and present 
invention is suitable for but not restricted to mobile use, the term ^'communication 
tenninal'* should also be understood as to include any stationary device arranged for 
radio communication, such as for instance desk top con^uters, printers, fax 
machines and so on, devised to operate with radio communication with each otiier 

30 or some other radio station. Hence, although the structure and characteristics of the 
antenna design according to the invention is mainly described herein, by way of 
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example, in the inylementetion in a mobile plume, this is nottobe inteipretedas 
excluding the implementation of the inventive design in other types of radio 
terminals, such as those listed above. Furthemiore, it should be emphasised that the 
tenn **compiising^ or "^comprises*' when used in this description and in the 

5 q^^pended claims to indicate included features, elements or steps, is in no way to be 
inteipreted as excluding the presence of other features, elements or steps than fliose 
eo^pressed or stated* 

Figure 1 discloses a typical stick-type radio communication temiinal or 
mobile phone 1, carried by a housing or cover 2. The cover may include plural 

10 cover members, such as a front cover and a back cover. For data and information 
iiq»ut purposes, terminal 1 comprises a keypad 4 and a mi(»o|dione 5, and for data 
and information output purposes terminal 1 comprises a display 3 and a speaker 6 
(not shown). In the disfplayed embodiment, the speaker is connected by a sound 
channel or aperture 7 at the ^spper fiont side of terminal 1. The display 3 and the 

IS keypad 4 basically set tiie limit of how sinall, or more correctly how short; th^ 
terminal | can be, together With the space occiqned by tii6 Speaker. Howev^ 
able to work as a standard phone for voice interaction, the terminal 1 also includes a 
microphone 5 and a speaker 6, preferably arranged at opposite ends of the terminal 
1. hi an alternative embodiment, as such included in the state of the art, the display 

20 oociqnes a larger portion of tiie front side of the temdnal, with several of the 
ftmctions of the keyx»d included in a graphical user interfece applicable to tiie 
display, rendering a data bsput inter&ce having less keys. Those keys may also be 
moved to the side of the commimication terminal in order to allow for the display to 
occupy an even larger portion of the front side of terminal. A specific tool may 

25 ferthramore be provided for inputting data on a toudi-sensitive screCT of the 
displ^. 

The present invention makes use of a so called flat panel speaker design for 
generating sound. Such a speaker design has better performance for polyphonic ring 
signals and FM radio sound than a conventional magnet speaker. Furthermore, 
30 according to the invention, the speaker is integrated with a low profile built in 
anteima. This way, space is saved in a radio receiving device, and less components 
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are used llian in a convcntiQEial device. 

Fig. 2 illiistzates schematically a back side of a Printed Circuit Board PCB 20 
of a radio communication terminal, with attached com^nents. Fig. 3 fllustrates a 
cross-sectional side view the terminal, showing the PCB 20, a battery 30, a display 
5 3,akeypad4, and a tenninal cover 2 indicated by the dashed line* At an 1^ 
of PCB 20, an antenna element 21 is disposed. The antenna dement 21 is a flat 
sheet or film canying a metal trace 22, which metal trace constitutes a patch 
antenna 22. The antenna element 21 is arranged parallel to and at a preselected 
distance fiom a ground plane 23 disposed as a layer on or inside PCB 20. The 

10 ground plane preferably extends the entire lenglfa of PCB 20, but may optionally 
only cover a portion of the PCB 20. Hie spacing between the antenna elonent 2 1 
and die ground plane 23 serves an electromagnetic cavity. Dependent on the 
particular embodiment of the antenna patch, &e distance between the antenna 
element 21 and the ground plane 23 may be critical for good Voltage Standing 

15 Wave Ratio VSWR and gain, and noEinal distances between these two planes is 5 - 
10 mm. The antenna need both feeding and grounding. Fig. 2 merely an example, 
and in tiiis onbodiment feeding is provided at 24, whereas ground is comiected at 
25. 

The antenna element is made from an insulating material whidi is 
20 nucrowave low loss, sudi as plastic. lliBniaterial is preferably some fb^ 

polymor, e.g. apolyimide such as Kapton®. In an alternative embodiment the sheet 
of antenna element 21 is made from a ceramic. 

The definite design of the anteima trace is not critical for the invention, and 
the trace may include one or more parasitic elements apart from the antenna patch 
25 22. The anteona may be tuned to handle recqption, and preferably transmission, 
finom 800MHziq> to 6000 MHz. Antenna patches with plural anns, such as the one 
illustrated, can be selected for multiple band perfennance. The antenna trace is 
conductive, preferably metallic, e.g. made fix)m copper. The anteima trace is in one 
embodiment printed on the antenna element sheet 21, and in an alternative 
30 embodiment etched out of a conductive layer on the antenna element 21. The 

antrama trace 22 may be disposed on the side of antenna element 21 feeing ground 
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plane 23» on tiie oppositB side^ or on an intennediate layer. 

An exciter or actuator 26 is disposed in direct mechanical contact with said 
sheet 21 . Preferably, tiie exciter 26 is disposed adjacent to a side edge of said 
antenna element 21, on the side lacing the ground plane 23. The exciter 26 has iizst 

5 and second comiection pads 27 for coxmecting to electric leads 28, vMch leads 28 
connect electrical sound signals to tbs exciter 26. ExcitBr 26 is devised to act as a 
vibrator, inducing vibrations into the sheet 21 carrying the antenna trace 22, such 
that sound waves are generated by the vibrating sheet 21. Consequently, sheet 21 
acts both as an antenna carrier and as a speaker. In a preferred embodiment, exciter 

10 26 comprises a piezoelectric ccystal, which eaqpands and contracts dependent on said 
electrical signals, fixr generating said vibrations. A drive circuit (not shown) for the 
exciter 26 is preferably mounted on PCB 20, comiected to said leads 28. 

Figs 4 to 6 illustrate cut away portions of different embodiments of the 
present invention, similar to that of Figs 2 and 3. However, Figa 4 to 6 illustrate 

1 5 dififenmt solutions far oatputting sound fiom tiie speaker, io. the sound generated in 
thBsheet21, to a user. As previously mentioned, sheet 21 is disposed at a 
predetermined distance from ground plane 23, as is illustrated in Figs 3 to 6« A 
frame, preferably insulating, is used to hold tibie sheet in position, though not shown 
in the drawings. It should be noted that reference markings for previously described 

20 elements are not included in Figs 4-6, altiioug^ these elements are also included in 
the embodiments of Figs 4 to 6. 

Fig. 4 illustrates an embodiment with a first sound q^erture 40 in cover 2 on 
the back side of the terminal, adjacent to sheet 21, and preferably adjacent to a 
centre portion of sheet 2 1 . The sound aperture 40 may include plural openings, as 

25 illustrated. 

Fig. S illustrates a different embodiment in which, apart fix)m said first 
sound qjertore 40, a second sound aperture SO is formed in cover 2 on the front side 
of the terminal. Sound is led from sheet 21 through a sound channel 51 over, or 
optionally at a side of, display 3 to said second aperture 50, which corresponds to 
30 aperture 7 in Fig. 1. 

Fig. 6 illustrates a variant of the embodnnent in Fig. 5. Herem, a sound 
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channel 61 passes through an opening in PCB 20, to a front side second q;)eiture 60, 
also corresponding to c^ertuie 7 of Fig. 1. Since a flat panel speaker transmits 
sound in both directions fiom the vibrating plane, though in opposite phase, sound 
channel 61 may be connected to the forward facing side of sheet 21. 
5 The first sound ^»erture 40, SO, 60 is paiticulaiiy usable for conveying 

polyphonic signals, such as Snm FM radio or a media player. When the speater 
realised by sheet 21 is used for e.g. voice calls, the back side aperture may lead to 
privacy problems. This may be solved ag. by volume control, or by closing means 
(not shovm) which cover ttie first aperture 40, SO , 60. Such closh^ means may be 

10 realised by a sliding latch which slides in fiont of the openings of ttie first aperture 
when the terminal is arranged in talk mode, vAim talk mode may be defined by 
opening a lid or separating two parts of a clamshell terminal to a predetermined 
position. Alternatively, an auxiliary speaker (not shown) may be included for 
conv^ing audio during voice calls. 

IS The finegoiog has described tiie principals, prefened embodiments and 

modes of qperatioQ of tiie present invention. However, the invention should not be 
construed as being limited to the particular embodiments discussed above. For 
example, it is well known in the state of the art to design mobile or cellular phones 
in a foldable housing, a so called clamshell. Still, the desire to have small terminals 

20 is equally applicable to such a design, and so is the proposed solution according to 
the present invention. Furthermore, the present invention is usable in o&er types of 
devices than in a radio communication terminal. Thus, the above described 
embodiments should be regarded as illustrative rather than restrictive, and it should 
be appreciated that variations may be made in those embodiments by those skilled 

2S in the arts without departing fiom the scope of 1h& present invention as defined in 
the upended claims. 



